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With rapid development of ocean exploitation, maritime rights protection and 
other marine information acquiring and processing related fields, the modulation 
recognition of underwater acoustic communication has become an important research 
topic. At present, the modulation recognition method of commonly used 
communication signal in wireless field, such as based on instantaneous features, based 
on wavelet transform method, based on signal spectrum correlation method, generally 
need to obtain one or more modulation parameters as prior knowledge (such as 
accurate carrier frequency, initial phase and the symbol rate). However, due to the 
harsh underwater acoustic channel with narrow-band, high-noise, multipath effect and 
Doppler shift characteristics, the priori knowledge is extremely difficultly to get when 
the underwater acoustic signal modulation pattern is unknown. Therefore, the 
automatic recognition of non-cooperative underwater acoustic communication signals 
is very challenging. 
It has been recognized that the spectra and square spectrum of the signal 
reflect the characteristics of MFSK, BPSK and QPSK modulation, which can be used 
as the characteristic parameter of modulation recognition. The cyclic prefix is a 
significant feature of OFDM signal, and the replication of some useful signal, it is 
highly correlated with the useful signals. In addition, owing to the single carrier signal 
transmission symbols independent and identically distributed, there will be a 
correlation peak when they are aligned at time. So, according to this characteristic, 
OFDM signals can be identified from non-OFDM signals. Considering the correlation 
characteristics of the cyclic prefix (CP) at the presence of the doubly selective 
underwater acoustic channels, an iterative dual-peak searching strategy is proposed to 
extract the CP correlation peak feature, that do not need any prior knowledge, for the 
modulation recognition of OFDM signals. 
However, compared with the radio channel, characteristic parameters often 
















transmission conditions; at the same time, the ocean background noise has a 
non-Gaussian, non-stationary characteristics, proposed higher requirements for the 
performance of recognizer. Support vector machine (SVM) can automatically find 
those support vector ,which have better ability to distinguish between the 
classification, it can solve the practical problems of small sample, nonlinear, high 
dimension and local minima, become effective tool to solve pattern recognition 
problem. 
The main contributions of this paper are as follows: 
1. Describes the extraction of common underwater acoustic communication 
signals and signal characteristic parameters, analyzes the underwater acoustic channel 
characteristics influence of underwater acoustic communication signal feature 
extraction, and determine the use of spectrum analysis and signal characteristics of the 
cyclic prefix as feature extraction scheme. 
2. This paper introduces the basic principle of SVM, and studies the 
application of SVM identifier in the modulation recognition of underwater acoustic 
communication signals. Compared with the traditional neural network classifier, the 
recognition rate of the least square support vector machine (LS-SVM) is higher, and it 
has good robustness to different underwater acoustic channels. 
3. Based on the above investigation, hardware and software implementation of 
underwater acoustic communication signal modulation recognition was carried out on 
Graphical User Interface program (GUI) of MATLAB, and STM32F407 embedded 
processor, with which the performance of system implementation was verified by sea 
trial experiment. 
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图 1.1 常用的最大似然识别框图 
Fig.1.1 Block diagram of maximum likelihood identification 
 















































































图 1.2 信号调制识别框图 
Fig.1.2 Block diagram of signal modulation recognition 
 






时相位和瞬时频率，在最早的时候瞬时特征被用来识别模拟信号。在 20 世纪 90
年代，E.E.Azzouz 和 A.k.Nandi 先后提出了 7 个基于瞬时特征参量(瞬时频率、瞬
时幅度、瞬时相位)的参数用来区分 9 种数字调制信号。近期国内外也有相关的
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